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SUMMARY 
Investigations on P. tabacina infected tobacco plants has 
resulted in the isolation of a highly active inhibitor of P. tabacina 
germination. The inhibitor, named Quiesone, was isolated via ethanolic 
extraction of infected leaves, countercurrent distribution, silica gel and 
alumina column chromatography, and gas chromatography on SE-S2 and carbowax 
20M. The isolation was monitored by biological assay against P. tabacina 
germination. The small weight of Quiesone isolated necessitated that the 
structure be derived from spectroscopic data. This indicated that Quiesone 
was 4-(4-hydroxy-2,6, 6-trimethyl-l-cyclohexen-l-y l)-3-buten-2-one butyrate. 
A possible biological role for Quiesone is discussed. 
Studies on the synthesis of the dimethoxy derivatives o f 
mycelianamide and related compounds showed that when t he f ormation of t he 
benzylidene linkage was attempted by elimination of a methyl sulphox ide 
group, the methoxy group attached to the nearest nitrogen atom was al so 
eliminated. In order to gain more insight into t he elimination of t he 
methoxy group the synthesis of the model compound 4a,8-diphenyl-l-methoxy-
2-oxo_~ 8 , 8 a octahydroquinoline was attempted. 
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ISOLATION OF QUIESONE, A GERMINATION INHIBITOR 
OF PERONOSPORA TABACINA 
INTRODUCTION 
Peronospora tabacina Adam, or blue mould, is one of the most 
serious diseases of commercially grown tobacco (Nicotiana tabacum) in 
Australia. 1 It was first reported as a disease in Queensland in 1891. 2 
Since then it has caused extensive damage; the complete destruction of 
a crop was not unknown. On two occasions it almost caused the abandonment 
of commercial tobacco growing in Victoria in the period 1920-1940, and 
did cause its abandonment in southern New South Wales. 
Until recently, the only other tobacco growing areas in the 
world to be affected by P. tabacina were in North and South America. In 
the United States of America, the disease was first reported in 1921, 
although records of its occurrence in native Nicotiana extend as far 
back as 1885. 1 The strain present in the United States of America is not 
as virulent as that present in Australia, and rarely destroys more than 
20% of a crop. Nevertheless, even this amount is economically important. 
For example, an outbreak in 1951 in Connecticut incurred damage worth 
more than $US2,OOO,000. 
Recently, P. tabacina spread to Europe and Northern Africa , and 
caused extensive damage. 3 It appeared to have originated from England, 
where workers were studying P. tabacina which had been imported from 
Australia . 
2. 
p. tabacina belongs to the order Peronosporales, family 
Peronosporaceae. 4 It lives as an obligate parasite within the tissues 
of the host, and spreads by means of a branched mycelium or hypha which 
grows between the cells. At various points the hypha sends off lateral 
branches into a cell of the host and forms branched structures called 
haustoria. These break down the protoplasm of the cell, and this 
break-down product is absorbed by the fungus. Conidiophores, or spore 
bearing hyphae (which are responsible for the downy appearance of the 
underside of the infected leaf) grow out through the stomata of the host. 
After branching, the conidiophores then form swellings at the tips which 
develop into conidiospores. These form at night and are mature by dawn, 
when, after the humidity drops, they are flung off by the t wisting actions 
of the conidiophores. The conidiospores are spread by the wind, and, upon 
reaching a suitable host, send out germ tubes which penetrate and set up 
infection. 
The first effective measure for the control of P. tabacina was 
the fumigation of the seed beds with benzene vapour. 1 , 5 This was done 
every two to three days, and if done properly, was effective in 
destroying the fungus. This method, however, has the disadvantages t hat: 
a considerable amount of labour is involved, young plants can be injured 
by excessive concentration of benzene vapours and it can only be used at 
the seed bed stage. 
More recently, fungicides, such as Zineb and Maneb, have become 
available. 1, 3 Use of these necessitates the spraying of plants at least 
twice a week, and even then it is not completely effective. In addition 
\ 
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the fungicides are not curative, only preventative, Thus, although 
P. tabacina can now be controlled, particularly in the seed bed stage, 
the measures involved are time consuming and expensive, 
Although tobacco is attacked by P. tabacina throughout the 
whole of the growing season, it is most susceptible to attack during the 
early stages of growt h. However, after the advent of the benzene treatment, 
its importance in the seed bed stage diminished considerably, and the most 
serious aspect of the disease then occurred after planting out. 6 In the 
field, one of the main modes of attack was via stem infection. This was 
thought to be due to spores on the leaf being washed down by the rain to the 
nodes, and from there penetrating directly into the stem. 3 With a high 
humidity (above 80%) and minimum temperatures around ISoC, the infection 
spread rapidly, causing the plants to wilt and die. 6 If the humidity 
dropped, or the minimum temperature rose, the infection stopped spreading 
through the plant, and remained localized. The plants then continued to 
grow as normal, but the stem, thus weakened by the infection, collapsed 
easily in high winds. 
Pont,7 in field observations of plants mildly diseased wi th stem 
infection, noticed that these plants appeared more resistant to further 
attack by P. tabacina than their non stem infected neighbours. This 
observation was examined under glass house conditions by Cruickshank and 
Mandryk . 8 They injected a spore suspension into the stems of tobacco plants 
in order to produce a mild infection, then, at varying intervals after this, 
sprayed the leaves with a spore suspension under conditions favourable for 
leaf infection. They found that resistance to leaf infection increased 
with increasing time following the injection, and that after four weeks, 
4. 
the plants were immune. 
Shepherd and Mandryk9 studied this further to see if the 
resistance was due to the production of a spore germination inhibitor. 
They found that a germination inhibitory extract could be obtained from 
infected leaves, and from non-infected leaves of stem-infected plants, 
but not from uninfected plants. In addition they found that P. tabacina 
spores themselves contained inhibitory material which had to be washed 
out before the spores could germinate. By means of paper chromatography, 
they showed that each active extract contained two active components. 
A highly active extract was obtained by J.G. Wilson and 
J.N. Phillips, of C.S.I.R.O., Canberra. IO To obtain this, infected 
tobacco leaves were extracted with ethanol, and the dried extract put 
through a 240 tube Craig counter current distribution apparatus. The 
active fraction obtained was chromatographed on magnesia , followed by 
preparative thin layer chromatography on silica gel . All the significant 
activity was confined to one spot, which was homogeneous in that 
re-chromatography on thin layer using the same solvent system as the 
original isolation showed only one spot of approximately the same RF • 
Mass spectral information was obtained on this active material, which 
indicated that at least two compounds were present, with molecular 
weights of 288 and 294. Accurate mass measurement of the higher 
molecular weight peak showed it to have the molecular formula C1 7H260 4 ' 
The work to be described has shown that the sample isolated by 
Wilson could not be completely purified by thin layer chromatography. 
The isolation of the germination inhibitor subsequently received 
attention from W. Bottomley, Ethanol extraction was used to obtain 
5. 
the activity from glass house grown and infected tobacco leaves. 
Since emulsion problems were sometimes serious in a 240 tube Craig 
counter distribution, hand counter current distributions were used. 
Column chromatography was investigated and magnesia showed the most 
promise. The problem was at this stage when the present work began. 
6. 
DISCUSSION 
GENERAL REMARKS 
Before proceeding to a discussion of the isolation it is necessary 
to outline three points: (1) methods for detection of the germination 
inhibitors and the following of their purification, (2) stability of the 
germination inhibitors, and (3) the overall plan of the isolation. For 
detection, a biological assay was used throughout most of the purification 
as it was specific for the compounds of interest, and could detect these 
compounds in very low concentration (the limit of detection was one part 
of the active compound in 105 parts of material). In addition, it was 
rapid, simple and required very little material. The assay was only 
semiquantitative, but results were sufficiently accurate to be meaningful 
and to allow comparison of puri fication procedures. Basically , t he biological 
assay consisted of the incubation at 15° of an aqueous suspension of 
P. tabacina spores with a known concentration of the extract to be tested. 
The germination was terminated by addition of formalin after four hours , 
and the percentage germination determined by microscopical examination. 
Germination figures in the discussion will be given as an LD50 concentration, 
that is the concentration of the extract required to prevent 50% of t he 
spores from germinating. 
Other means of following the purification were found to be of 
little use. Spectral information was obtained during the isolation, but 
no single piece of information could be related to the concentration of the 
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inhibitors as revealed by the biological assay. Thin layer chromatography 
was also carried out at various stages, with no success. Gas chromatography 
was found to be of some use in the final purification stages when preparative 
thin layer chromatography and preparative gas chromatography were used. 
However, its use was limited as it was normally no faster than a biological 
assay. 
Column chromatography (to be discussed) separates the active 
material obtained from P. tabacina infected tobacco plants into two active 
fractions. A study of the stability of these components showed that both 
were light sensitive. It was found that a solution of an active extract 
which contained both inhibitors would lose all biological activity within 
a week if permitted to stand in diffuse sunlight. This was neither a 
solvent nor a temperature effect, as acetone, chloroform and light petroleum 
solutions were tested; each solution was deactivated only when exposed to 
light. This necessitated a darkened laboratory for the work and a black 
cloth covering for solution containers. Both compounds were also 
destroyed by active adsorbents such as alumina and by heat. These will 
be discussed in the appropriate section of the isolation. 
The overall plan of the isolation can be divided into two main 
stages. The first stage developed most of the techniques necessary and 
resulted in the isolation of a small amount of highly active material. A 
summary of this isolation appears in Chart I. The second stage is concerned 
with a larger scale isolation and a few modifications were made to the 
techniques developed in the first stage. The latter resulted in the 
isolation of a small amount of pure material, and is summarised in Chart II. 
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ISOLATION 
Source of Material and Initial Extraction 
The source material was twelve week old glass house grown 
tobacco plants. Twelve plants were sprayed with a P. tabacina spore 
suspension and, after seven days, when a leaf infection was well 
developed (and the concentration of the inhibitors in the plant were at 
a maximum), the leaves were harvested. The leaves were chopped, extracted 
twice with hot ethanol, the ethanol extract concentrated and the watery 
concentrate extracted thrice with light petroleum. The light petroleum 
extract was evaporated to dryness to give a crude extract which had an 
LD50 in the range 10-100 parts per million (p.p.m.). 
This initial isolation procedure, developed by Bottomley, was 
not modified. Acetone and ethyl acetate were tried as alternative initial 
extraction solvents, but were inferior to ethanol. 
Counter Current Distribution 
The crude extract was purified by counter current distribution. 
Initially a 240 tube Craig counter current distribution machine11 was used, 
but difficulty was experienced with emulsion formation, as Bottomley had 
previously found. Hand counter current distributions, done in separating 
funnels and based on a method devised by Bottomley, were tried. This 
method consisted of sixteen equilibrations in a diamond pattern11 as 
illustrated on Chart III, diagram I. In this diagram each intersection 
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represents an equilibration of equal volumes of light petroleum and 
80% methanol. After each equilibration the top phase moved down to 
the left, and the bottom phase down to the right. Fresh top phase was 
used in 1, 3, 6 and 10 and fresh bottom phase in 1, 2, 4 and 7. Four top 
and four bottom phases were obtained. Significant activity occurred in 
fractions lIT, l4T, l6T, l6B, l5B and occasionally in l3B. The reason 
for the wide spread was probably because the two active components 
present were only partially resolved. The fact that l5B often contained 
slightly more activity than l6B would support this. As all the active 
fractions were combined the counter current distribution pattern was 
altered to omit those equilibrations which led only to active fractions. 
The pattern thus obtained is illustrated in Chart III diagram II. As 
the contents of 4B and 7B rarely had a significant amount of activity 
the pattern was reduced further to that illustrated in Chart III, 
diagram III. Here, the major part of the activity occurred in fractions 
4T, 6T and 8T, and occasionally in 8B. This pattern was the one followed 
for a large part of the first isolation. 
Early in the second isolation pre-extractions of the crude 
extract were tried in order to reduce the weight of the crude extract and 
thus improve the purification achieved in the counter current distribution. 
Initially, the crude material in light petroleum was extracted a number 
of times with 80% methanol, and the combined, dried methanolic extract 
used in the counter current distribution proper. As more than four 
extractions were needed to obtain the major part of the activity from the 
light petroleum, the methanol concentration in the bottom phase of this 
pre-extraction was increased from 80% to 85%. This resulted in an 
10. 
effective extraction of the active compounds. At the same time the 
methanol concentration in the bottom phase of the counter current 
distribution proper was lowered from BO% to 75% to prevent the 
occurrence of activity in BB. As a result of these modifications 
fractions 4T, 6T, BT and very occasionally 2T, contained the major part 
of the activity. This modified pattern was followed for the greater 
part of the second isolation. 
The purification achieved from all hand counter current 
distributions was approximately one in twenty. The pre-extractions 
resulted in only a slight improvement, but they were not omitted, as it 
was felt that a more complete recovery of activity was achieved by their 
use. The combined active extract from the purification had an LD50 of 
I p.p.m. 
Column Chromatography 
Bottomley had found that magnesia was the most promising 
adsorbent for column chromatography of the inhibitors. A variable (up to 
90%) loss of the activity on passage through the magnesia could be largely 
eliminated by the addition of 15% (v/w) water1 2 to be adsorbent. However, 
although the recovery was good, streaking occurred which resulted in 
poor resolution. 
Silica gel was found to be superior to magnesia. In the first 
isolation benzene/chloroform was used as eluant and the chloroform 
concentration increased as the chromatogram progressed. An enrichment 
of approximately one in six was achieved and the active material eluted 
had an LD50 of 0.1 p.p.m. 
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In the second isolation, other solvent systems were investigated. 
Light petroleum which contained ethyl acetate (increased from 0% to 40%) 
separated the active material into two active fractions, fraction A and 
fraction B, giving an enrichment of one in forty for the first active 
fraction eluted (A). The LD50 of fraction A was in the range 0.1 to 0.01 
p.p.m. and of fraction B 1 to 10 p.p.m. A possible reason for the poor 
resolution in the first stage was that the effective eluant may not have 
been chloroform but the 1% stabilizer, ethanol. 
The third adsorbent tested was alumina. Complete loss of 
activity was experienced with anhydrous alumina but this loss was 
eliminated by addition of 15% (v/w) water (to give a grade V alumina on 
the Brockmann and Schodder scale1 3). The column was eluted with light 
petroleum/benzene (0% to 100% benzene). In the first isolation, alumina 
chromatography separated the one active fraction from the silica gel 
column (which had not separated A and B) into two active fractions with 
a purification of one in five and an LD50 of 0.1-0.01 p.p.m. for the 
former active fraction, fraction A. In the second isolation, where the 
more efficient silica gel column was used, only fraction A was chromatographed 
further. Again a one in five purification was achieved and the concentrate 
obtained had an LD50 of 0.01 p.p.m. 
Temperature Stability and Distillation 
Both fractions underwent thermal deactivation. Fraction B lost 
over 99% of its activity in one hour at 100°, while fraction A lost 30% 
of its activity after half an hour and 90% after one and a half hours 
at 200° in air, but in vacuo there was no loss. Because of the greater 
stability (and activity) of fraction A, little further work was done 
12. 
on the purification of fraction B. 
Steam distillation was unsatisfactory as the active fraction 
distilled too slowly. On molecular distillation the active component 
of fraction A distilled at 120°/10-4 mm Hg. Only a twofold purification 
was obtained, but it was used in the first isolation for the removal of 
non-volatile material before gas chromatography. It was omitted in the 
second isolation. 
Thin Layer Chromatography 
The distillate from the molecular distillation was subjected to 
preparative thin layer chromatography on silica gel, using 40% ethyl 
acetate/light petroleum as eluant. One active band was obtained, RF 0.7, 
and the purification one in seven. Further purification using twelve other 
solvent systems was unsuccessful. 
Thin layer chromatography gave no significant purification of the 
active material obtained after alumina chromatography in the second 
isolation. 
Gas Chromatography 
The final stage in the purification procedure utilized preparative 
gas chromatography. In the first isolation the active fraction obtained 
after thin layer chromatography was passed through a 4% carbowax 20M column. 
One active fraction was obtained, which weighed 1.5 mg and had an LD50 of 
0.001 p.p.m. Rechromatography on the carbowax column indicated that it was 
only 30% pure so a larger scale isolation was commenced. 
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In the second isolation the active fraction from the alumina 
column was chromatographed on 4% SE52. (Chart IV). This gave a fortyfold 
enrichment and the product had an LD50 of 0.001 p.p.m. 
Subsequent purification on 1% carbowax 20M (Chart V) yielded an 
active fraction which gave only one peak when rechromatographed on 1% 
carbowax 20M or 0.5% SE30. The estimated weight of material obtained was 
650 ~ g, and it had an LD50 of the order of 0.0001 p.p.m. or 3 x 10-1 0 
moles/litre (assuming a molecular weight of 300). This 650 ~g came from 
approximately 700 plants collected over sixty harvests. The weight of 
fresh leaves harvested was 5.5 cwt. 
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STRUCTURE OF QUIESONE 
Quiesone (Latin: quiescere = to sleep), so named because of 
its suggested biological role (to be discussed), has the molecular 
formula C17H2603 (high resolution mass spectrometry). The small amount 
of compound isolated necessitated that the structure be derived from 
spectral information (Charts VI-IX). 
The infrared suggested that quiesone was an ester (v 1735, 
max 
1185 cm-1).14 Von Sydow15 examined the mass spectra of fifteen esters of 
monoterpene alcohols, and found that all fifteen had peaks corresponding 
+ + + to [RCO] and [P-RC0 2H] , but few had a peak corresponding to [RC0 2H] • 
Quiesone had negligible (approximately 0.1% base peak) peaks at 218 
(P-60) and 204 (P-74), but a strong peak at 190 (65% base peak, P-88), 
linked to the parent ion by a metastable peak at 129.9. High resolution 
mass spectrometry showed this peak had the composition C13H1SO. The 
presence of a butyrate function in quiesone was supported by a peak at 
71 (22%). The absence of a P-28 peak for quiesone argued against it 
being an n-butyrate. A broad peak in the n.m.r. spectrum at 5.1 0 (lH) 
suggested that the ester group was attached at a tertiary carbon atom, 
and that the associated proton was extensively coupled. The combined 
evidence led to the partial formula I. 
The third oxygen atom in quiesone was involved in an a , S unsaturated 
ketone function (v 1675 cm-1).14 A sharp three proton singlet at 2.18 0 
max 
in the n.m.r. spectrum suggested that this ketone was a methyl ketone. Thi s 
conclusion was supported by the mass spectra (peak at 43; loss of C2H30 
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(\ (hexane) 214 m~ (sh), E 3,700; 277 m~ , E 3,400) indicated t hat t his 
max 
ketone was, in fact, an as , y6 unsaturated ketone. 1 6 One of the double 
bonds was probably trans disubstituted (v 1310 (w), 980 (m) cm- l ; 
max 
6.00 and 7.00 6, JAB 16 cis), and the other tetrasubstituted (no additional 
absorption 8-5 6). Sternhe1l et aZ. 1 7 have derived shielding increments 
for the calculation of olefinic proton chemical shifts; use of these 
indicated that the as double bond was the disubstituted one (calculated for 
as double bond, aH: 6.33 6, SH: 7.40 6; for y6 double bond, yH: 6.27 6, 
6H: 5.72 6; observed 6.00, 7.00 6). In addition, a slightly broadened 
singlet (1.79 6) in the n.m.r. indicated that a methyl group was attached 
to the tetrasubstituted double bond (and exhibited a long ranged coupling). 
The combined evidence led to the partial structure II a or II b. 
So far, four of the five units of unsaturation have been 
accounted for. If it is assumed that the C1 3 skeleton is a degraded 
terpenoid, then the remaining unit of "unsaturation" must be a ring, as a 
normal isoprenoid chain cannot contain a tetrasubstituted double bon d. 
S-Ionone (III) represented the most plausible way of combining 
the dienone II and a C1 3 cyclic structure. Other known naturally 
occurring compounds with this skeleton are a-ionone (IV), and an allenic 
compound (V) isolated from grasshopper secretions1 8 • The skeleton is also 
found in larger structures, some of which are biologically important. 
19 20 
Perhaps the best known of these is abscisic acid (VI) , a compound 
thought to be responsible for leaf and flower abscission, and to be 
r - -
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important in dormancy, in a large number of higher plants 21. Other 
compounds that contain this skeletal terminus are phaseic acid (VII) 22 , 
many of the carotenoids, and the trisporic acids23 (VIII, the C isomer 
shown is a derepressor of an enzyme concerned with carotenogenesis24 ). 
The most probable position for the ester is shown in IX. This 
accounts for the broad peak at 5.1 8 . If the ester grouping was 
attached to carbon atoms four or six a doublet of doublets would be 
expected. 
Comparison of spectral properties of quiesone, S-ionone and 
related compounds provided further evidence for structure IX. In the 
n.m.r., the olefinic protons of S-ionone absorb at 7.14 and 5.97 8 
(JAB 16.5 cis), with the former doublet slightly broadened, the methyl 
ketone group absorbs at 2.17 8 , and the olefinic methyl at 1.74 8 . The 
corresponding values for quiesone or 7.00 (slightly broadened), 6.00 
(JAB 16 cis), 2.18 and 1.79 8 . 
A study of the ultraviolet spectra of compounds related to 
S-ionone (Chart X) revealed that with increasing steric hinderance 
(between the ring methyl groups and substituents attached to the as double 
bond), the dienone band decreased, and a "monoenone" band increased in 
intensity. In addition severe steric hinderance or the prox imity of an 
acetoxy group caused a shift to a shorter wavelength in the dienone 
band position. Quiesone has maxima at 225 (s 3,700) and 288 m~ (s 3,400) 
(corrected to ethanol by addition of 11 m~ to figures recorded in hexane16), 
and thus occupies an intermediary position between S ionone (III) and the 
acetoxy derivative X. The fact that quiesone has a maximum 8 m~ higher 
than the acetoxy derivative provided supporting evidence that the ester 
17. 
group was not situated at position 4. 
The low € values obtained for quiesone could be due to an error 
in the measurement of the weight used for their calculation, since this 
was obtained from a gas chromatographic peak area comparison (with 
phytol). This uncertainty would not affect the relative intensities 
of the two bands present. 
The mass spectrum of quiesone is compatible with structure IX 
(Chart XI). As already mentioned, it was mass spectral evidence that 
conflicted with the alternative (and initially more attractive) hypothesis 
that quiesone was a sesquiterpene acetate. The only cyclohexyl sesquiterpene 
acetate that could accommodate the dienone structure II and still be 
derived from a normal isoprenoid chain was XI. The ready loss of 88, and 
the absence of a peak at (M-60) was not consistent with this structure. 
Thus quiesone has been shown to possess the probable structure IX. 
This structure has not been reported in the literature, and the only reference 
to the parent alcohol (and its acetate) is contained in a French patent28 
where a mixture was obtained which contained 47% of the 5 hydroxy derivative 
of III and 53% of the 5 hydroxy derivative of IV. 
>-C~ 
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CHART XI 
The structures belm',7 are meant to be illustrative only 
IX 278, 14% 
o T 
190, 65% 
-15 a/c 161. 2 
]75, base peak 
___ -.....:1~5'--__ t> 
m;'c 248.8 
-43 ,.". 
---'----jOr 
mic l13.il-
-44 
------1> 
157, 7% 
263, 2 % 
147, 35% 
131, 25% 
As 147 comprises an almost equal mixture of Cl:Hl~ and C: ~Hl ]0 , 
the metastable may refer to the formation of either or both of lhl-s(: . 
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BIOLOGICAL ROLE 
Experiments with impure quiesone suggested that it is the 
compound responsible for dormancy of P. tabacina spores. The major 
part of the following circumstantial evidence to support t his was 
kindly supplied by Dr. D.W . Hollomon of C.S . I.R.O. 
(1) Inhibitory material is not present in uninfected tobacco 
plants. The concentration of the inhibitors increases with time after 
the infection, and reaches a maximum just prior to sporulation. 
(2) P. tabacina spores contain a germination inhibitor which 
must be washed out before the spores will germinate. The inhibitor has 
the same RF on silica gel thin layer chromatography as quiesone. This 
indicates a possible chemical similarity of the inhibitor and quiesone, 
and rules out the possibility that the inhibitor is a protein, an 
amino acid, a nucleotide or a carbohydrate. 
(3) Quiesone is not only a very potent inhibitor of germination 
(LD50:3 x 10-10 Mil), but also appears to be specific for P. tabacina. It 
has been tested against Alternaria solani , Aspergillus nidulans, Botrytis 
cinerea, Moniliniafructicola , Neurospora crassa , Penicillium sp. and 
Puccinia gram&n&s and does not inhibit their germination at over one 
hundred times the concentration necessary to inhibit P. tabacina. The 
inhibitor washed from P. tabacina spores has been tested against the same 
organisms, and the same specificity was observed. 
(4) The rate of incorporation of labelled amino acids into 
protein in P. tabacina spores rises during germination, but the rate 
when spores are in contact with either quiesone or the inhibitor obtained 
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from the spores remains constant and at approximately the initial (or 
dormant) rate for germinating spores. 
(5) The effect of both quiesone and the inhibitor from the 
spores is reversed by washing the spores. 
(6) Both inhibitors are only effective early in the germination 
process and neither will inhibit spores once the germ tube has appeared. 
The above evidence is in keeping with the hypothesis that 
quiesone is a natural inhibitor responsible for maintaining dormancy in 
p. tabacina spores. 
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EXPERIMENTAL 
All light petroleum used had a boiling range of 60-80°, unless 
otherwise stated. 
Biological Assay 
Eight week old tobacco plants (Nicotiana tabacum , cv. Virginia 
Gold) were sprayed with an aqueous P. tabacina spore suspension, and 
incubated overnight at 20° and 100% humidity . The plants were kept for 
approximately one week (within the temperature range 10-25°) under glass 
house conditions to develop a leaf infection. Sporulation was induced 
by another overnight incubation of the infected plants (at 20° and 100% 
humidity). The spores were washed off the leaves with distilled water 
(previously cooled to below 5°), washed twice by centrif ugation and 
resuspension in distilled water, then diluted to a suitable concentration 
for an assay. After collection, spores were kept below SO to prevent 
germination. 
An acetone solution of an extract to be tested (0.1% or 
1,000 p.p.m.) was diluted to 20 p.p.m. with distilled water. One in ten 
serial dilutions were normally done until the concentrations where activity 
was expected were covered. For each concentration, a drop of the s olution, 
followed by a drop of the spore suspension, was placed on each of three agar 
disks (2% Difco Bacto Agar, diameter 0.5") on a microsco pe slide in a 
petri dish in which the humidity was kept high by a wet filter paper. 
The petri dishes were incubated at ISo for four hours after which 
germination was halted by the addition of one drop of 10% formalin, and 
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the percentage germination on each disk determined by microscopical examination. 
In most routine assays from two to four concentrations were tested for each 
extract, and up to sixty concentrations could be conveniently tested in the 
one assay. 
Source of Material and Initial Extraction 
Twelve twelve week old tobacco plants were infected as described 
above. After one week, when leaf infection was well developed, the leaves 
(approximately 4.5 kg fresh weight) were harvested, chopped, and heated in 
ethanol until boiling commenced. The extract (approximately eight gallons) 
was filtered, evaporated to approximately two litres in a climbing film 
evaporator under reduced pressure, and extracted with light petroleum 
(b.p. 40°-70°; 1 x 2 1, 2 x 500 ml). The solvent was removed from the light 
petroleum fraction, to give the crude extract. Approximately forty grams 
of crude extract were obtained from each harvest. 
The extracted tobacco leaves were heated again in ethanol, and the 
extract, after filtration, was used in the first ethanolic extraction of 
the next harvest. 
Pre-extraction and Counter Current Distribution 
Crude extract (40 g) was dissolved in light petroleum 
(b.p. 40°_70°, 1 1) and extracted with 85% methanol (1 x 1 1, 2 x 500 ml, 
1 x 380 ml). The first two methanol extracts were evaporated and the 
residue redissolved in the combined third and fourth extracts; and 
water (120 ml) added, to give one litre of 75 % methanol. This contained 
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the major part of the activity present in the crude extract. 
The counter current distribution pattern is illustrated in 
Chart III, diagram III, and explained in the discussion . The bottom 
phase (1 1) obtained above was used directly in equilibration 1. Each 
equilibration contained one litre of top phase (light petroleum 
b.p. 40°-70°) and one litre of bottom phase (75% methanol). The six 
fractions obtained were assayed, and the active fract i ons combined 
(average combined weight 2.4 g). Significant activity occurred in 4T, 6T, 
8T and sometimes in 2T. 
The pre-extractions and counter current distributions were done 
below 5° and the solutions kept in the dark while settling . 
Silica Gel Chromatography - First Isolation (Chart I) 
Silica gel (500 g Merck Kieselgel 0,05-0.20 rnrn) was packed in 
benzene/chloroform (111:1) . Active material from a counter current 
distribution (5 g) was dissolved in benzene/chloroform (30 ml 1:1), added 
to the column, and eluted with benzene which contained t he following 
chloroform concentrations : 50% (1 1), 60% (1 1), 70% (2 1), 75 % (1 1), 
80% (2 1). The flow rate was 120 ± 20 drops/minute. After the first five 
litres were discarded, 200 ml fractions were collected and ass ayed. The 
activity coincided with a dark band, which was eluted into t he early 
fractions collected. This band contained both A and B, and t he enrichment 
was one in six. 
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Silica gel Chromatography - Second Isolation (Chart II) 
Silica gel (350 g, as above) was equilibrated overnight with 
2% ethyl acetate in light petroleum (1 1) and the column packed in this 
solvent. Active material from a counter current distribution (3.5 g) 
was dissolved in 5% ethyl acetate in light petroleum (40 ml) and applied 
to the column. Elution with 300 ml each of 5, 10, 15, 18, 20, 22, 25, 30, 
35, 40% ethyl acetate in light petroleum followed. The flow rate was such 
that fast, definite drops were obtained. The first 1.5 litres were 
ili$carded and then 100 ml fractions were collected. Significant activity 
normally occurred in fractions four and five (active fraction A) and in 
fractions eleven and twelve (active fraction B). The purification for 
fraction A was one in forty. 
The silica gel columns were run in pairs, and equivalent 
fractions combined before assaying. 
Alumina Chromatography 
The method used in the second isolation is the one given here. 
The method finally arrived at in the first isolation was similar; the main 
difference was that the active material from silica gel still contained A 
and B, and 5% chloroform in benzene (100 ml) was sometimes needed to elute 
all of B from the alumina. 
Aluminium oxide (110 g Woelm Basic Alumina) which contained water 
(15% equilibrated overnight) was packed in redistilled light petroleum. The 
active fraction (A) from a pair of silica gel columns was dissolved in light 
petroleum (20 ml) applied to the column and eluted with 100 ml each of 0, 5, 
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10, 15, 20, 25, 30, 40, 50, 60, 80, 100% benzene in light petroleum 
(both redistilled). The flow rate was 50-60 drops/minute. The first 
200 ml were discarded, then 100 ml fractions collected. The position of 
the activity was variable, but tended to occur in the vicinity of 
fraction eight. This resulted in a one in five purification. 
Molecular Distillation 
Fraction A (80 mg) from the alumina chromatography was heated 
at 120°/10-4 mm Hg in a molecular still. After two hours approximately 
half the fraction and all of the activity had distilled onto the cold 
finger (cooled with tap water). 
Thin Layer Chromatography 
Silica gel plates (20 x 20 x 0.1 cm) (prewashed with acetone 
chloroform 1:1) were oven dried (110°, 1.5 hrs), air cooled (5-10 min) 
and spotted with a chloroform solution of the distillate from the 
molecular distillation (25 mg/plate). Each plate was developed with 
40% ethyl acetate in light petroleum in a filter-paper lined chamber 
(equilibrated 1.5 hrs before use) until the solvent front had run 15 cm. 
One centimetre wide bands were removed, packed into a small column, 
washed with 10% ethanol in chloroform (20 ml) and the washings evaporated 
and assayed. The activity had an RF of 0.7 and the purification was one 
in seven. 
Further purification was attempted with the following solvent 
systems: ethyl acetate (30%), ether (30%) or acetone (15%) in light 
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petroleum; dioxan (5%) acetone (5%) n-butanol (4%) or pyridine (2%) 
in benzene; ethyl acetate (20%), dioxan (10%) or acetone (10%) in carbon 
tetrachloride; ethyl acetate (20%), or acetone (10%) in carbon disu1phide. 
Silica gel plates (5 x 20 x 0.1 em) were used, and the spots were 
visualized by spraying with 5% vanillin/concentrated sulphuric acid. 
Although a number of spots were often seen, no solvent system gave a 
sufficient separation to suggest that preparative thin layer chromatography 
would give a worthwhile enrichment. 
Gas Chromatography on SE-52 (Second Isolation) 
All solvents used in gas chromatography were redistilled before 
use. 
A Shimadzu GC-1C dual column gas chromatography unit equipped 
with hydrogen flame ionization detector, multistage temperature programmer 
and automatic preparative apparatus was used. The glass preparative 
column (3 .4 m x 6 rom 1.D., with on- column injection) and the metal 
balance column (1.5 m x 3 rom 1.D.) contained SE-52 (4 %) on chromasorb G 
(AW-DMCS, 60-70 mesh). A pre-detector (and post-preparative column) splitter 
diverted 95% of the effluent to the fraction collector. The temperature 
programme was 200°-210° 4°/min, 210°-220° 2°/min, 220-235° l°/min, 235°-255° 
4°/min, and the carrier gas (nitrogen) pressure 1.0 kg/em 2 • The detector 
and fraction collector were kept at 250°. Each pipe from the fraction 
collector ran into and emptied just above the surface of 20 m1 light 
petroleum in a conical flask (250 m1) kept at 35° by resting on a heating 
tape. Such a trap was necessary to collect the fog which formed. It was 
tested with phytol and gave an 80% recovery at the milligram level. Up to 
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six fractions could be automatically collected with the fraction 
collector. 
The combined active material from the alumina columns (200 mg) 
in light petroleum (0.8 ml), was injected on to the 4% SE-52 column 
(40 ~ l per injection). The activity was recovered in one fraction 
of 4.5 mg, which had a retention time of 20.5 minutes and corresponded 
to one peak in the chromatogram trace. 
Gas Chromatography on Carbowax 20M (Second Isolation) 
The active material (4.5 mg) from the SE-52 column, in 
acetone (0.2 ml) was injected onto 1% carbowax 20M (on chromasorb 
G, AW-DMCS, 60-70 mesh; 50 ~ l per injection; column dimensions as 
before except glass preparative column had 1.D. of 4 mm). The column 
was operated isothermally at 200°, with a nitrogen pressure of 1.0 kg/cm2 • 
Collection of the one active peak yielded 650 ~g (estimated by peak 
area comparison with phytol, which had the same retention on carbowax 
20M). 
Analytical Gas Chromatography 
The active material (650 ~ g) from the carbowax 20M column, 
in carbon disulphide (1 ml, chosen because it tailed less than other 
common solvents), was injected onto 1% carbowax 20M, O.Po SE-30, and 
0.5 % DEGS, all on chromasorb G AW-DMCS, 60-70 mesh,to determine its 
purity (5 ~l per injection). With all columns the splitter was omitted, 
the nitrogen pressure was 1.0 kg/cm2 , and the detector temperature 250°. 
The temperature programme was respectively 170°-220° at 2°/min, 150°-200° 
at 2°/min, or 240° isothermal for one hour. No peak was observed on 
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the DEGS column. One peak only was seen on the other two columns. 
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APPENDIX 
ATTEMPTED SYNTHESIS OF 4a,8-DIPHENYL-l-METHOXY-2-
OXO_~ 8 , 8 a_OCTAHYDROQUINOLINE 
INTRODUCTION 
Mycelianamide, an antibiotic which occurs in the mycelium of 
Penicillium griseo-fulvum Dierckx, was first encountered by Anslow and 
Raistrick1 in 1931. Subsequent investigations by Raistrick2 and others 3- 6 
led to the structure of mycelianamide being formulated as I. 
Brown and Meehan 7 have attempted to synthesize mycelianamide by 
two different paths. The first path was based on the facile condensation 
of benzaldehyde with 2,5-piperazinedione. It was thought that the 
N-methoxy analogue of 2,5-piperazinedione III might condense with an 
aldehyde II to give a compound IV with the desired benzylidene linkage. 
However, none of the desired product IV (R=H or CH3) could be detected 
when condensation of II and III was attempted under a variety of conditions. 
In view of this failure, an alternative approach to mycelianamide 
was based upon the utilization of a protected, pre-formed benzylidene 
derivative. The protecting group chosen was the thiomethoxy group. The 
overall scheme for the synthesis is outlined in Chart I. However, difficulty 
was experienced in the latter stages of the synthesis, when elimination of 
the sulphoxide was attempted. The attempted elimination was studied in 
greater detail, and it was found that compounds of type V (R=C 6Hs CO,CH 3CO; 
VI 
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(ii) 
X=S,SO,S02; R'=CH3CO,CH3,H) either eliminated both the side chain CH 3X and 
the adjacent R'O group, or decomposed to give a complex mixture of 
products. 8 This unusual elimination can be rationalized by the mechanism 
outlined in Chart II. Molecular models of VII show that, when the plane 
of the aromatic ring is in the same plane as the double bond, the ortho 
o 
hydrogen is only 0.4 A from the oxygen atom. In order to relieve this strain 
a ready elimination of the methoxy group would be expected. The rationalization 
was supported by the isolation of paraformaldehyde when the reaction with V 
(R'=CH 3) was performed in a sealed tube. 
This mechanism was based on the assumption that the double bond has 
the stereochemistry shown in Chart II. In order to support this assumption 
and to study the elimination itself in more detail, the synthesis of the model 
compound VIII was undertaken. 
(iii) 
DISCUSSION 
The route originally envisaged for the preparation of 4a,8-diphenyl-l-
methoxy-2-oxo~ 8 , 8 a_octahydroquinoline (VIII) is summarised in Chart III. 
Unfortunately this could not be realized in practice, and the desired product 
VIII has still to be obtained. 
2,6-Diphenylcyclohexanone (IX) was synthesized by the condensation 
of 1,3-dibromo-propane with the dianion of dibenzyl ketone. Initially the 
dianion was produced by a solution of potassium in liquid ammonia, following 
the method of Hauser et aZ. 9 , but the yield of cyclised product obtained via 
this method was very unsatisfactory (3%). It was found that potassium tert.-
butoxide in tert.-butanol gave a more satisfactory yield. 
The ketone IX was treated with a benzene suspension of sodium 
hydride, and the resultant anion reacted with methyl acrylate to give the 
methyl ester of the acid X. Hydrolysis of this ester with aqueous methanolic 
potassium hydroxide followed by acidification gave S(I,3-diphenyl-2-oxo-
cyclohexyl) propionic acid X. 
In an effort to prepare the hydroxamic acid XII without concurrent 
oxime formation, cyclisation of the acid X to the enol lactone XI was 
attempted. This was to be followed by the reaction of the enol lactone XI 
with hydroxylamine to give the desired hydroxamic acid. The attempted 
cyclisation of the acid X with both acetic anhydride and oxalyl chloride was 
unsuccessful despite the fact that both reagents were effective in 
cyclising S(I,3-dimethyl-2-oxo-cyclohexyl) propionic acid to the corresponding 
enol lactone. 10 However, when the carboxylic acid X was treated with oxalyl 
iii<l 
CHART III 
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(iv) 
chloride in dry benzene, it was readily converted to the corresponding acid 
chloride. When this acid chloride was heated in dry pyridine, an oil was 
obtained which had no significant absorption in the ultraviolet around 
280 m~ (where the enol lactone XI would be expected to absorb). This point 
was not pursued further at the time, as it was found that the hydroxamic 
acid XII could be obtained in 37% yield by reaction of the acid chloride 
with hydroxylamine hydrochloride and pyridine in dimethylformamide. 
The next step in the synthesis involved the cyclisation of the 
mono cyclic hydroxamic acid XII to the bicyclic hydroxamic acid XIII. An 
analogous cyclisation of XIV to XV had been achieved by refluxing in xylene, 
so a similar method was followed here. However, all attempts at this 
cyclisation failed. Furthermore, acid catalysis was found to catalyse 
decomposition rather than cyclisation. 
A possible alternative route to the hydroxamic acid XIII involved 
the preparation of the oxime XVI followed by cyclisation with 
N,N'-dicyclohexylcarbodiimide. 11 It was felt that this method was more 
likely to succeed, as it involved attack on the more accessible nitrogen 
atom of the oxime. However, the keto acid X did not react with hydroxylamine 
hydrochloride in the presence of sodium hydroxide or sodium acetate. When 
the keto acid X was treated with hydroxylamine hydrochloride and pyridine 
under anhydrous conditions, a reaction did ensue, but as yet the product has 
not been identified. Spectral data confirmed that the product was not the 
hydroxamic acid XII. 
Work on this project was discontinued at this stage due to the 
resignation of my supervisor Dr. R.F.C. Brown. 
~) 
EXPERIMENTAL 
2 , 6- Di phenyZ-cycZohexanone 
(i) Dibenzyl ketone (5.25 g, 0.025 mole) in a little ether was 
added to a solution of potassium (1.96 g, 0.05 mole) in dry liquid 
ammonia (300 ml), to give a red solution of the dianion. 1,3-Dibromo-
propane (5.05 g, 0.025 mole) in a little ether was added and the solution 
stirred (2 hr). Ether (150 ml) was added, and the ammonia allowed to 
evaporate. After leaving overnight, the solution was filtered, the ether 
removed, and the resultant oil chromatographed on alumina. Crystals could 
only be obtained from a few fractions. Recrystallisation from light 
petroleum (b.p. 60°-80°) gave 2,6-diphenylcyclohexanone (0.26 g, 3%) m.p. 
122.5°-124° (lit. 124°).1 2 
(ii) Potassium (19.6 g, 0.5 mole) was dissolved in tert.-butanol 
(600 ml) under nitrogen. Dibenzyl ketone (55 g, 0.25 mole) was added, and 
then 1,3-dibromopropane (50.5 g, 0.25 mole) was added dropwise over 0.5 hr. 
The solution was stirred (2 hr), reflux ed (1 hr), dilute acetic acid 
(100 ml, 3%) added, the butanol removed, and the remaining solution ex tracted 
with ether (lx250 ml, 2x150 ml). The ether ex tract was evaporated to dryness, 
and the crude oil chromatographed on alumina, using light petroleum 
(b.p. 60°-80°) with an increasing percentage of chloroform as the e luant. 
Crystalline material was obtained from almost all fractions. Recrystallisation 
from light petroleum (b.p. 60°-80°) gave 2,6-diphenylcyclohexanone (14.1 g, 23%) 
as colourless plates, m.p. 123.5°-124° (lit. 124°), 12 (Found: C, 86.38; 
H, 7.20; Cl SH1 S0 required C, 86.36; H, 7.25), v
max 
(nujol mull) 1705 em- I 
(vi) 
(C~O), 1595 em-I (aromatic C~C), 745 em- I and 690 cm-I (aromatic C-H). The 
n.m.r. spectrum (CDC1 3 ) showed a mult i plet 7.5-7.0 o (lOH, aromatic protons), 
a double doublet at 3.75 0 (2H, a to ketone), and a multiplet 2.5-1.9 0 
(6H, aliphatic ring protons). 
S (1~ 3-Dipheny l-2-oxo-cyclohexyl) propionic acid 
A benzene suspension of sodium hydride (0.05 g) was added to 
2,6-diphenylcyclohexanone (10.1 g , 40 m mole) in anhydrous benzene (50 m1) 
under nitrogen. The mixture was ref1uxed (0.25 hr), methyl acrylate (3.5 g, 
40 m mole) in a little dry benzene added dropwise over 0.75 hr to the hot 
solution, and the solution stirred for a further 2 hr. Methanol (10 m1) 
was added to destroy the ex cess sodium hydride, and the solvent removed. 
A 10% solution of potassium hydrox ide in 50% aqueous methanol (100 m1) was 
added, and the mix ture refluxed overnight. The methanol was distilled, 
water (50 ml) added, and the aqueous solution extracted with ether (2x50 m1). 
The aqueous layer was then acidified, ex tracted with chloroform (2xlOO ml), 
the chloroform layer evaporated to dryness, then redissolved in benzene. 
This solution was chromatographed on silica gel, and benzene, with an 
increasing percentage of chloroform, was used as the eluant. Only one main 
band was obtained. This was recrystal1ised from ethyl acetate/ light petroleum, 
to give S (1~ 3 -dipheny l-2 -oxo -cyclohexy l) propionic acid (10.4 g, 81%) as 
colourless prisms, m.p. 139°-140°, (Found: C, 77 .38; H, 6.76. C21H220 3 
required C, 78.23; H, 6.88), v (nujol mull) 3000 em-I (broad, OH acid), 
max 
1730 cm-I (C=O, ketone) 1710 em-I (C=O, acid), 1610 cm-1 (C=C benzene), 1300, 
1220, 938 cm- I (C-o or O-H, acid) 760 and 695 cm-1 (C-H, benzene). The n.m.r. 
(vii) 
(CDC1 3 ) showed a singlet at 10.85 0 (lR, carboxylic acid proton), a 
mUltiplet 7.5-6.9 0 (lOR, aromatic protons), a double doublet at 3.75 8 
(lR, proton a to ketone), and a multiplet 3.0-1.7 8 (lOR, remaining 
alphatic protons). The mass spectrum exhibited a parent peak at ~ 322, 
e 
due to the molecular ion. Other peaks of diagnostic value were at 305 
(5 % base peak, loss OR), 304 (16%, loss R20), 276 (3 %, loss C0 2R2), 
249 (8%,10ss of CR2CH2C02H), 91 (57%, C7H7+), 77 (28%, C6HS+)' and 
45 (2 %, C02~). The base peak was at 117 (due to C6HS-C=C=O+?). 
At tempted preparation of the enol l actone of S(1~ 3 -diphenyl-2-oxo -
cyclohexyl) propionic aci d 
(i) S(1,3-diphenyl-2-oxo-cyclohexyl) propionic acid (0.45 g) and 
anhydrous sodium acetate (25 mg) were dissolved in acetic anhydride (5 ml), 
and refluxed 1.5 hr. The acetic acid was removed, a saturated aqueous 
solution of sodium chloride (50 ml) added, and the mix ture ex tracted with 
ether (2x50 ml). The ether solution was concentrated, but the infrared 
spectrum confirmed that the resultant oil was identical with the original 
acid. 
(ii) S(1,3-diphenyl-2-oxo-cy clohexyl) propionic acid (0.45 g) was 
dissolved in anhydrous benzene (20 ml), and oxalyl chloride (3.2 g) added. 
The solution was left in the refrigerator overnight, the benzene and oxalyl 
chloride removed under reduced pressure, and the resultant oil examined in 
the infrared. A strong band at 1805 em-I indicated that the product was an 
acid chloride. 
A small sample of this oil was heated in dry pyridine on a water 
bath (1 hr). The oil which remained after the pyridine was removed was 
(viii) 
examined in the infrared. The peak at 1805 cm- I had disappeared, but the 
remaining spectral changes gave little information, except to indicate that 
the original acid had not been regenerated. There was no absorption in the 
ultraviolet region near 280 m~ , which indicated that the enol lactone had 
not been formed. 
S (1~ 3 -DiphenyZ-2 -oxo-cycZohexyZ ) propionohydroxamic acid 
S (1, 3-Diphenyl-2-oxo-cyc1ohexyl) propionic acid (1.9 g, 6 m mole) 
was dissolved in anhydrous ether (50 ml), oxalyl chloride (10 ml) added, and 
the solution permitted to stand overnight at 0°. An oil was obtained when 
the oxalyl chloride was removed. The infrared spectrum of this oil showed 
peaks at 1805 em-I (C=O, acid chloride), 1720 em-I (C=O, ketone), and 
additional peaks in the 650-800 em- I region (C-Cl). 
Dry pyridine (0.88 g) in dry dimethylformamide (10 ml) was mix ed 
with a solution of hydroxylamine hydrochloride (0.39 g, 5.5 m mole) in dry 
dimethylformamide (20 ml), and this solution added to a solution of the acid 
chloride obtained above in dry dimethylformamide (10 ml). The solution was 
permitted to stand 1.5 hr at room temperature, and then most of the solvent 
was removed under reduced pressure. The residue was diluted with hydrochloric 
acid (0.5 N, 50 ml), ex tracted with chloroform (2x 50 ml), the chloroform 
removed, and the resultant oil chromatographed on silica gel (eluant: 
chloroform with an increasing ethyl acetate concentration). Two bands were 
obtained, and on thin layer chromatography only the second gave a colour with 
ferric chloride solution. The fractions which contained the second component 
were combined, and crystallisation f rom ethyl acetate/light petroleum 
(ix) 
(b.p. 60°_80°) gave S (1~ 3-diphenyZ-2-oxo-cycZohexy Z) propionohydroxamic acid 
XII (0.69 g, 37%) as a white powder, m.p. 91°-93° (with decomposition), 
(Found: C, 73.87; H, 6.85; N, 3.93%; C2IH23 03N requires C, 74.75; H, 6.87; 
N, 4.15%), v
max 
(nujol mull) 3250 cm-I (NH stretching), 1715 em-I (C;O, ketone), 
1640 em-I (C;O, hydroxamic acid), 715 and 695 cm- I (CH benzene). No peak was 
seen for the molecular ion, but all of the major peaks above 240 could be 
rationalized if the molecular weight was 337. These peaks were at 321 (5%, 
loss NH2), 320 (6¢, loss of OH or NH3), 304 (14%, loss NH20H), 276 (5 %, loss 
CO-NHOH+H) and 249 (11%, loss CH2CH2CONHOH). Other peaks of interest were at 
117 (79%, due to C6Hs-C=C=O+?), 91 (base peak, C7H7+), 77 (32 %, C6HS+) and 
59 (33%, CONHOH+). The n.m.r. (CDC13) showed a multiplet 7.5-6.9 0 (lOH, 
aromatic protons), a multiplet 3.7 0 (lH, hydrogen a to ketone), and a 
multiplet 2.9-1.6 o QOH, remaining aliphatic protons). There was a slight 
rise in the baseline around 8.5 O. 
Attempted preparation of the hydroxamic acid XIII 
(i) The hydroxamic acid XII (5 mg) was dissolved in toluene (5 ml), 
refluxed 3.5 hr, the toluene removed under reduced pressure, and the product 
examined. There was no significant absorption in the ultraviolet around 
280 m~ , and no spot with ferric chloride solution in thin layer chromatography . 
(ii) The attempted cyclisation was repeated. Xylene was used as 
the solvent, and t he reaction mixture was refluxed 3 hr. No hydroxamic a cid 
could be detected in the product. 
(iii) Again (i) was repeated, but benzene was used as the solvent 
and the reaction mixture refluxed (2 hr). The only hydroxamic acid present 
in the product was the starting compound. 
~) 
(iv) (iii) was repeated, but the refluxing time was extended 
to 5 hr. No hydroxamic acid could be detected in the product. 
(v) (i) was repeated. In this attempt, a few crystals of pivalic 
acid were added. Again, no hydroxamic acid could be detected. 
(vi) Dry dimethylformamide was used as the solvent, and the 
solution was heated on the water bath for 2.5 hr. No hydroxamic acid was 
present in the product. 
(vii) (i) was repeated, but the reaction was followed in greater 
detail. Hydroxamic acid XII (10 mg) was dissolved in toluene (10 ml), 1 ml 
removed and evaporated down, methanol (2 ml) added, and the ultraviolet 
spectrum obtained. The remaining solution (9 ml) was ref luxed. At 5, 15, 
30, 60 and 120 minutes after commencement, the solution was cooled in ice-water, 
1 ml removed and treated as above while the refluxing of the remaining solution 
continued. The only change observed in the ultraviolet was the gradual 
swamping of the benzenoid absorption by the end absorption. There was no 
change in the position of the benzenoid peaks. 
(viii) (v) was repeated, with a few crystals of pivalic acid added 
to the toluene solution. The result obtained was the same as for (v), except 
that the reaction was faster. 
Att empted preparation of the oxime XVI 
(i) The keto-acid X (33 mg, 0.1 m mole) and hydroxylamine 
hydrochloride (21 mg, 0.3 m mole) were dissolved in aqueous sodium hydrox ide 
(IN, 10 ml), kept at room temperature 1 hr, acidified with dilute hydrochlori c 
acid, and ex tracted with chloroform (2x20 ml). The chloroform was evaporated, 
and the resultant oil ex amined in the infrared. The spectrum obta ined was 
(xi) 
almost identical to that of the original acid. 
(ii) Keto-acid X (33 mg, 0.1 m mole) and hydrated sodium acetate 
(400 mg) were dissolved in aqueous ethanol (15 m1, 2h ethanol). 
Hydroxylamine hydrochloride (21 mg, 0.3 m mole) in the same solvent 
(1 m1) was added, and the solution heated till boiling. After cooling, the 
ethanol was removed, and the acid fraction isolated as in (i). Again, only 
the original acid was present. 
(iii) As in (ii) above, only the sodium acetate was replaced by 
sodium hydroxide (110 mg), and only 5 m1 aqueous ethanol used as solvent. 
The mixture was ref1uxed 2.5 hr, the acid isolated, and found to be the 
starting acid. 
(iv) The acid X (33 mg, 0.1 m mole) and hydroxylamine hydrochloride 
(42 mg, 0.6 m mole) in dry pyridine (0.5 m1) were heated on a water bath for 
4.5 hr, then permitted to stand at room temperature for several days. The 
acid was isolated by the addition of water, acidification, then extraction as 
before. The infrared spectrum obtained for the product was different from 
both the original acid and the hydroxamic acid XII. Thin layer chromatography 
(Si0 2 , and benzene/ethyl acetate/methanol 4:5:1 as the eluant) of the product 
showed one spot when sprayed with ferric chloride solution. The product was 
chromatographed on a silica gel column, but no hydroxamic acid could be 
recovered. 
(xii) 
CONCLUS I ON 
All attempts to prepare the hydroxamic acid XIII failed. In 
retrospect, this is not surprising, as severe steric hindrance would 
oppose cyclisation. This could well be complicated by a competing 
reaction namely the decomposition of the hydroxamic acid via a Lossen 
Rearrangement 1 3 , as outlined in Chart IV. 
Work on the preparation of the hydroxarnic acid XIII via the 
oxime XVI is incomplete but it is felt that this method is the most 
promising one available, for the reasons outlined in the discussion. 
x Lia 
CHART IV 
R~~ rl-N- OH 
-0 
--~J> R-N=C=O 
R 
~ili) 
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